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Lung cancer is one of the leading causes of cancer-related
morbidity in the United States with over 234,000 new cases
diagnosed in 2018, surpassed only by breast cancer. It is
estimated to be responsible for over 154,000 deaths in the
United States in 2018, making it the most lethal cancer.1

Globally, lung cancer was the leading cancer in incidence and
mortality in 2018.2

Lung cancer is divided into non-small cell lung cancer
(NSCLC) (accounting for 85% of all cases) and small cell lung
cancer.3,4 NSCLC is pathologically divided into several sub-
types, with adenocarcinoma, squamous cell carcinoma, and
large cell carcinoma representing the vast majority of cases.5

While NSCLC subtypes share several biological features,
they are believed to develop through progressive pathologic
changes from different cells of origin and exhibit different
growth patterns, molecular pathways, and genetic aberra-
tions.5,6 The pathologic changes preceding squamous cell
carcinoma of the lung beginning from hyperplasia, through
squamousmetaplasia, squamous dysplasia, and carcinoma in
situ, are different from those preceding adenocarcinoma of

the lung, for which atypical adenomatous hyperplasia is the
only identified pathological precursor.6 The progressive
pathologic changes (multistep tumorigenesis) highlight the
importance of early detection and treatment of NSCLCs and
its impact in survival.

General Approach for Treatment of Early-
Stage Disease

The cornerstone for themanagementofearly-stage lung cancer
hasbeensurgical resection, specifically lobar resection.Accord-
ing to the National Comprehensive Cancer Network (NCCN)
guidelines for 2018, surgery is the standard of care for patients
withNSCLCup to stage IIb.7 Inmore advanced stages, surgery is
recommended in patients with no nodal involvement (N0) or
involvement of ipsilateral peribronchial, hilar, and/or intra-
pulmonary lymph nodes (N1) even in patients with T3 or T4
disease.7 The role of surgery in patients with stage IIIa NSCLC
and above with involvement of ipsilateral mediastinal or sub-
carinal lymph nodes (N2) remains controversial.7
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Abstract Lung cancer is the leading cause of cancer-related mortality worldwide. Eighty-five
percent of cases correspond to non-small cell lung cancer (NSCLC) and pivotal
nonsurgical options for early-stage disease include percutaneous ablation and stereo-
tactic body radiation therapy (SBRT). Microwave Ablation (MWA) is a locoregional
treatment option that hasmany advantages over radiofrequency ablation and has been
able to overcome the limitations of this technique in the treatment of early-stage
NSCLC. In this review article, we highlight the current evidence supporting the use of
MWA in patients with early-stage NSCLC and discuss the technical considerations of the
procedure, including optimal patient selection and planning strategies, as well as the
potential complications and reported outcomes. Finally, we mention future trends
involving ablation in NSCLC, including its role in combination with SBRT in central
tumors, management of post-SBRT local recurrence, and its potential as an adjuvant
treatment option for patients with resistance to systemic therapy or in combination
with checkpoint inhibitors.
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The treatment options for stage Ia NSCLC have changed
over the past few years and now include sublobar resection
(wedge resection or segmentectomy), as well as stereotactic
body radiation therapy (SBRT) and percutaneous ablative
modalities.7 Provided the patient is a surgical candidatewith
adequate cardiopulmonary reserve, surgical lobectomy
remains the gold standard. A prospective randomized trial
from 1995 comparing lobectomy with sublobar resection in
patients with T1N0 (stage Ia) NSCLC concluded that sublobar
resection showed a higher locoregional recurrence rate.8

However, a multicenter randomized trial comparing sublo-
bar resection to lobectomy in stage Ia NSCLC is currently
ongoing, with expected primary completion date of 2021.
This phase 3 trial (NCT00499330) will compare disease free
survival, overall survival, rate of locoregional and systemic
recurrence, and pulmonary function at 6 months postpro-
cedure between the two treatment options (►Table 1).9

In patients who are medically inoperable or refuse
surgery, the two main treatment options are SBRT and
percutaneous ablation techniques, as they both have dem-
onstrated safety and comparable survival in prospective
trials.10,11 Despite similar reported overall survival rates
between ablation and SBRT,12,13 it appears that local tumor
control rateswith SBRT are higher comparedwith ablation.12

However, most literature includes radiofrequency ablation
(RFA) data, as this was themost frequently utilizedmodality,
without evaluating newer and possibly more effective tech-
niques such as microwave ablation (MWA) and/or cryoabla-
tion.12 In addition, the early RFA cases were performed by
palpation in the operating room without image guidance,
possibly impacting the outcomes of the therapy. The
reported higher local recurrence rate after ablation com-
pared with SBRT is countered by the fact that lung ablation
can be repeated when local recurrence occurs.14 This may
also be confounded by the difficulty to accurately identify
radiological evidence of local recurrence in the SBRT field
compared with the ablation zone, which may account for
underreporting or delayed reporting of local recurrence.15

Recent evidence shows a higher pathological complete re-
sponse rate reported for lung ablation (reported at 90.9%)
16,17 compared with SBRT (which was reported at 60%).18

Taken together, the clinical significance of reported higher
local recurrence rate in ablation remains unclear. Therefore,

patients with high surgical risk but who are still operable
(defined as patients who can tolerate sublobar resection, but
not lobectomy) may undergo sublobar resection, SBRT, or
ablation (recommendation category 2A).7,19

Image-Guided Thermal Ablation for Primary
Lung Malignancy

The first and most thoroughly studied ablation modality in
the lung is RFA. Current ablation modalities frequently used
include MWA, cryoablation, and irreversible electroporation
(IRE).20

RFA andMWAboth achieve controlled heating at the tip of
the applicator, which leads to tissue coagulation necrosis and
tissue death. RFA achieves this through a rapid alternating
electric current that is transmitted through the RFA applica-
tor into the lesion and back to the RFA generator through
grounding pads or a grounding electrode. This current causes
agitation of ionic molecules in the tissue surrounding the
applicator tipwhich generateheat.21MWAworks in a similar
way by applying an electromagnetic field that forces polar
molecules to continuously realign with the oscillating field
resulting in heat generation.22

MWAhas several advantages over RFA, thefirst of which is
that it generates higher temperatures in a shorter period of
time.23 In addition, microwaves are capable of heating
tissues with low electrical conductivity much better than
RFA, which results in a larger ablation zone.22 These advan-
tages have led to the increased use of MWA over RFA in most
centers, particularly with the increasing availability of long-
term results for its use in lung ablation.24

Indications

The current indications for image-guided ablation in NSCLC
include the following: (1) initial treatment option inmedically
inoperable patients with stage Ia NSCLC, (2) patients with
unresectable local recurrence, (3) patients with multiple
primary lung cancers (based on biopsy-proven synchronous
lesions or history of lung cancer) with solitary or multiple
lesions suitable for definitive local therapy,7 and (4) patients
with stage Ia NSCLC with contraindications to surgery and
SBRT.25

Table 1 Reported long-term outcomes of different locoregional treatment options12,27,44,49

Outcome Radiofrequency ablation Microwave ablation Cryoablation Stereotactic body radiation therapy

Overall survival rates

1 y 85–89% 79–100% 88% 84–87%

3 y 53–56% 35–92% 78% 53–59%

5 y 32–41% 16–50% 67% 36–45%

Local tumor control rates

1 y 73–77% 73–96% 91% 96–98%

3 y 55–62% 65–80% 87% 86–90%

5 y 42–64% 24–72% 85% 85–88%
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Selection

Patient selection for MWA follows the same principles as RFA,
with the exception that MWA is theoretically able to ablate
larger tumors.MWAhas the ability tousemultiple applicators
simultaneously and it also demonstrates a larger ablation zone
per applicator. This allowsmore confidence in the use ofMWA
for tumors up to 3 cm in size (T1c) or extending greater than
3 cm in size in research settings. However, recent long-term
follow-up data revealed that the probability of primary tech-
nical success is significantly lower in tumors greater than 3 cm
in diameter, with a significantly higher incidence of compli-
cations and recurrences.24

MWA is also less affected by “heat sink effect” in lesions
close to large vessels comparedwith RFA. This is attributed to
the ability to generate higher temperatures, which improves
the possibility of obtaining complete ablations adjacent to
such structures.20 This comes with the caveat that MWA is
theoretically more likely to injure surrounding vessels,
though no significant differences in complications have
been documented between the two heat-based ablation
modalities.26,27 Finally, MWA appears to be safer than RFA
when used in patients with implantable cardiac devices.28

Technique

Before the procedure, the trajectory and number of applica-
tors to be used is planned based on the size and location of
the lesion, as well as its proximity to pleural surfaces,
fissures, and bronchovascular structures. The number of
applicators used depends on the size of the lesion and the
required ablation zone,withMWAprovidingmoreflexibility
regarding ablation zone size owing to the ability to change
ablation time and power settings. The trajectory is planned
to traverse the least number of pleural surfaces possible, as
this has been shown to decrease the rate of pneumothorax,29

and to keep the pleural puncture site as far as possible from
the ablation zone, as this has been shown to decrease the rate
and severity of pneumothorax.30 For lesions in the periphery
of the lung (►Fig. 1), these considerations mean that it is
often better to approach the lesion tangentially from a
distant pleural puncture site rather than a perpendicular
puncture directly through the pleura and into the nodule.
This ensures that the probe iswell anchoredwithin the lesion
and decreases the risk of it dislodging outside the lung during
ablation. It also avoids involving the pleura in the ablation
zone, which extends back along the MWA probe, known as
“back burn,” which can lead to a bronchopleural fistula.28

Lesions adjacent to bronchovascular structures (►Fig. 2)
should be approached so that the ablation probe is parallel
to the structure, rather than pointing toward it, avoiding
injury to the structure,whichmay be caused bymovement of
the probe owing to changes in tissue volume induced by the
ablation process.28

Lesions adjacent to the chest wall or the mediastinum
carry a dual risk; if ablated completely, there is a riskof injury
to the adjacent structure, and if ablated incompletely, there is
a risk of residual tumor or recurrence.31 One of the useful

techniques to overcome both risks is instillation of artificial
pneumothorax adjacent to the lesion, which moves it away
from the adjacent structure and therefore decreases the risk
of injury and allows complete ablation of the lesion.31 This is
done at our institution, when needed, under computed
tomography (CT) guidance and using a 5-Fr centesis catheter
needle connected to a three-way stopcock and a 60-mL
syringe to allow one-way passage of air into the pleural
space. Usually, 100 to 150mL of air is needed to adequately
separate the lung from the adjacent structure, but the
amount varies according to the patient’s size and the location
of the lesion in relation to the patient’s position. After
completion of the ablation, the instilled air is removed using
the same centesis catheter needle, which is kept in place
during the procedure to quickly remove the air if needed.32

The procedure can be done under sedation or general
anesthesia, with preference for general anesthesia in some
centers, as it is thought to improve the technique’s feasibility,
particularly in technically challenging cases where organ
displacement or specific patient positioning is required.20

Under CT guidance, real-time or stepwise according to the
operator preference, the microwave applicator (or applica-
tors) is advanced into the lesion. Once the desired position is
reached, it is confirmed using CTwithmultiplanar reformats.
The required ablation time and power are then set according
to the required ablation zone as per the manufacturer’s
recommendations, and ablation is started and followed up
with CT at intervals to ensure that the applicator does not
move.

Fig. 1 Possible approaches for ablation of a peripheral lesion (white
circle). Approach (a) is preferred because it allows the ablation probe
to be well seated within the lung and prevents “back burn” from
damaging the pleura and possibly creating a bronchopleural fistula.
Approach (b) is not advised because it risks the ablation probe
becoming dislodged during ablation and may cause “back burn” into
the pleura and adjacent chest wall. Approach (c) is not advised
because it crosses a lung fissure (small arrows), which increases the
risk of pneumothorax.
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After the ablation time is completed, CT is done to ensure
that the ablation zone encompasses the lesionwith amargin,
evidenced by a halo of ground-glass opacity surrounding the
lesion (►Fig. 3). This halo is better appreciated by waiting 5
to 10minutes following the ablation. It has been shown that
the ablation zone is a predictor for recurrence, with a
threshold of 4.5mm associated with a specificity for local
recurrence of 100%.33 That, along with evidence that tumors
of the lung extend microscopically into adjacent lung paren-
chyma by 6 to 8mm, indicates that a 10-mm margin of
ground-glass opacity surrounding the lesion should be
achieved.34

Complications

Pneumothorax is the most common complication reported,
seen in approximately 33.9% of patients. However, only
approximately 11% of the patients will require intervention
(chest tube placement).27 Pleural effusion is reported in 9.6%
of patients, with severe pleural effusion requiring interven-
tion seen in only 0.3% of patients.27 Life-threatening com-
plications, such as severe hemoptysis or pseudoaneurysms,
have been reported in 0.3 and 0.2% of patients, respectively,
in a series of 1,000 ablations.34,35 Other complications
include pain (neuropathic pain), postablation syndrome,
and infection, with the latter seen more commonly with
MWA than with RFA due to higher ablation temperatures
with increased incidence of cavitation (►Table 2).24,36

Follow-up

Contrast-enhanced CT of the chest is preferred for follow-up
over noncontrast CT, as it allows accurate detection of delayed
complications (suchaspseudoaneurysms), andcanhelpdetect

Fig. 2 Possible approaches for ablation of a central lesion (white
circle). Approach (a) is preferred because it is parallel to the vessels,
which decreases the risk of bleeding during the procedure. Approach
(b) is not advised because it is perpendicular to the vessels, which
increases hemorrhage and “ghosting” of the lesion during the pro-
cedure. Approach (c) is not advised because it crosses a lung fissure
(small arrows), which increases the risk of pneumothorax.

Fig. 3 Conventional postablation appearance. Left: right upper lung
lobe lesion prior to ablation. Right: the immediate postablation
appearance of the same lesion, with (a) showing the expected ground-
glass opacity encompassing the nodule with an hyperdense rim
delimitating the ablation zone and (b) showing the ablation probe
tract through the lesion. This typical appearance is easily noted in the
10-minute postablation scan.

Table 2 Most common complications of lung microwave
ablation24,42,54

Complication Incidence

Pain 22%

Pneumothorax

Not requiring intervention 28–39%

Requiring intervention 4–22%

Pleural effusion

Not requiring intervention 22%

Requiring intervention 0–3%

Infection

Pneumonia 3%

Lung abscess 0.5%
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residual or recurrent tumor in the ablation zone.37 Follow-up
is usually done by contrast-enhanced CTof the chest at 1, 3, 6,
and 12 months following ablation with positron emission
tomography (PET)/CT used as a problem-solving tool when
CT findings are suspicious for recurrence.38

The radiological appearance of the ablation zone transi-
tions through three phases: (1) immediate and early phase
(<24hours to 1 week postablation), (2) intermediate phase
(1 week to 2 months postablation), and (3) late phase (>2
months postablation). The immediate and early phase,which
is usually done immediately postablation, is mostly used to
confirm adequate coverage of the lesion by the ablation zone
evidenced by the ground-glass opacity (as discussed previ-
ously) and to detect complications such as pneumothorax,
pleural effusion, and hemothorax.37,38

On imaging during the intermediate phase, which is typi-
cally done using a contrast-enhanced CT of the chest done at
1 month postablation, decrease in size of the ground-glass
opacity surrounding the lesion compared with the immediate
postprocedure CT is a reassuring finding, provided that it
remains larger than the lesion prior to ablation. Cavitation of
the ablation zonemay also be seen, and has been considered a
positive response to thermal ablation.37,38Mediastinal lymph
node enlargement has also been reported, and can be a
worrisome sign, but has not been associated with local recur-
rence.36 Findings suspicious for local recurrence/residual dis-
ease include central or nodular enhancement exceeding
10mm in diameter and/or 15 Hounsfield unit. Therein lies
the importance of the use of contrast-enhancedCTof the chest
in early follow-up, as stabilization and expansion of the
ablation zoneduring the intermediate phasearenot indicators
for tumor recurrence or residual disease provided that an
adequate ablation zone was achieved on the immediate post-
ablation CT.37

On late-phase imaging, the ablation zone should continue
to decrease in size to be approximatelyequal to the size of the
baseline tumor at 3 months (►Fig. 4) and should be smaller
than the size of the baseline tumor at 6months. An enlarging
ablation zone at 3 months that continues to enlarge at

6 months warrants suspicion for recurrence, especially if a
nodular growth pattern is seen (►Fig. 5).38

Outcomes

The reported primary technical success rate for MWA ranges
from 80 to 100%.24,39 The lower margin of this technical
success rate is compensated by the fact that the ablation can
be repeated multiple times until adequate margins are
achieved. The reported median time to recurrence was as
high as 39.7 months in one study, with strong association
with original tumor diameter. Patients with original maxi-
mal tumor diameter exceeding 3 cm showed a median time
to recurrence of 17.3 months, while those with original
maximal tumor diameter below 3 cm showed a median
time to recurrence of 62.1 months.24

One factor that may affect local recurrence after ablation,
and should be considered, is the histologic subtype of the
tumor. A study on 53 patients who underwent thermal
ablation for lung adenocarcinoma found that lesions with
micropapillary and/or solid histological components were
associated with a shorter time to local recurrence.40 This is
similar to the data from the surgical literature,which showed
that solid predominant histologic subtype was one of the
factors associated with poorer recurrence-free survival.41

The implications of this finding regarding subtypes of other
NSCLCs is unknown, but reinforces the importance of histo-
pathologic evidence prior to treatment as opposed to relying
on imaging diagnosis of NSCLC.42

Regarding overall survival, a meta-analysis of 53 studies of
RFA andMWA in primary and secondary lung tumors showed
a median survival time of 24.4 months in a subgroup analysis
focusing mainly on MWA in primary lung tumors. This result
should be handled with caution as long-term follow-up data
are scarce, and this meta-analysis included studies that
enrolled patients with NSCLC beyond stage I disease.27 One
study that was not included in this meta-analysis showed that
median time until death could not be reached for MWA in
patientswith NSCLC, with a first quartile value of 40.5months
and a range reaching up to 102.1 months.24

Fig. 4 Expected 1 month CT appearance. The ablated right upper
lung lobe lesion at 1-month follow-up shows involution and increased
density of the ablation zone, with no signs suspicious of local
recurrence and persistent nonnodular margin.

Fig. 5 Example of recurrence. CT shows the ablated right upper lung
lobe lesion at 6-month follow-up with a nodular contour of the
anterior-medial aspect of the ablation zone (white circle). Note the
involution of the adjacent ablation zone (�).
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Other Ablation Methods

Other ablation methods that have been studied in NSCLC
include cryoablation and IRE, with varying results. Cryoabla-
tion relies on the Joule–Thompson effect to rapidly decrease
the temperature of the cryoprobe and the surrounding tissues,
leading to cellular damage initially through formation of ice
crystals in the extracellular space, cellular dehydration and
later through formation of ice crystals in the intracellular
space, and immediate cell death.43 The results of cryoablation
in NSCLC have been promising. A study retrospectively evalu-
ating the long-term survival of medically inoperable patients
with early-stage NSCLC who underwent cryoablation showed
a5-yearoverall survival rateof67.8%anda5-year progression-
free survival rate of 87.9%.44 These results are comparable to
RFA in early-stage NSCLC, and a study comparing sublobar
resection, cryoablation, and RFA in 64 patients with stage I
NSCLC found no statistically significant difference in overall
survival, cancer-free survival, or cancer-specific survival at
3 years between the three groups.45

IRE is a nonthermal ablation tool that utilizes short, intense,
pulsing electric fields created across a well-defined area to
destroy cells by causing permanent damage to the lipid bilayer
of the cell membrane. In animal studies, it has demonstrated
the ability to ablate sharply demarcated areas with sparing of
surrounding major blood vessels and preserved connective
tissue architecture.46 The results of IRE in lung ablation, on
the other hand, have not been as promising. A prospective,
single-arm, phase II trial assessing the safety and efficacyof IRE
in lung malignancies was stopped prematurely after interim
analysis showed that the technique did not show adequate
efficacy, with a local control rate of only 39%. The authors
hypothesized that the reduced efficacy is related to increased
impedanceofcurrentflowcausedby the airwithin the lungs.47

Therefore, IRE is not a recommended ablative technique in
the lung.

Future Trends

While ablation and SBRT have proven comparable efficacy
and safety to sublobar resection in the management of
NSCLC in patients who are medically inoperable or have
high surgical risk, studies have started comparing them to
lobar resection.48 A retrospective study comparing MWA
and lobectomy for stage I NSCLC showed similar overall
survival and disease-free survival, with a significantly lower
complication rate in the MWA group, which may pave the
way for prospective studies comparing the two treatment
strategies.49

Another area of future investigation is the use of combi-
nation therapy (percutaneous ablation and SBRT) for the
management of central primary lung tumors, which are not
adequatelymanaged by either modality. A prospective phase
2 study including 16 patients with central tumors who
received lower dose SBRT followed by RFA or MWA showed
local control rates at 1 and 2 years of 93 and 81%, respectively,
and concluded that percutaneous ablation can be a reason-
able supplement to SBRT in central tumors.50

Studies have highlighted the usefulness of percutaneous
ablation in addressing local recurrence of NSCLC within a
radiation field,51 with a newer study showing that percu-
taneous ablation is useful in addressing local recurrence
following SBRT.52 In this retrospective study, the authors
concluded that patients who received salvage treatment for
local recurrence (which included percutaneous ablation)
showed similar life expectancy to patients who did not
show local recurrence, which again questions the signifi-
cance of local recurrence if the treatment can be
repeated.52

Percutaneous ablation has also been recently proven to be
useful in patients with epidermal growth factor receptor
mutant NSCLC who experience oligoprogression while on
tyrosine kinase inhibitors (TKIs).53 These patients typically
progress through the development of acquired resistance in
one or few distant sites from the original tumor, and a study
on 71 of these patients showed that percutaneous ablation
provided an additional 10 months of disease control when
combined with continuous TKI treatment.53

Immuno-oncology will also impact the practice of local
ablative techniques. Currently, the addition of cryoablation
to immune checkpoint inhibitors for the treatment of
advanced lung cancer is currently under clinical investiga-
tion (NCT03290677).

Conclusion

In conclusion, MWA is a proven safe and effective tool in the
management of medically inoperable patients with early-
stage NSCLC. Prospective trials comparing it to anatomical
resection and SBRT with long-term follow-up are needed to
accurately assess its location in the treatment algorithm
provided to medically operable patients with early-stage
NSCLC. It is also expected to play an expanding role in NSCLC
patients following, or in conjunction with, SBRT as well as in
those patients who develop oligoprogression while on opti-
mal systemic therapy. In addition, the potential synergywith
immunotherapy is yet to be studied.
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